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To assess the ability of sunscreens to protect connec-
tive tissue from actinic damage, hairless mice were ir-
radiated with Westinghouse FS20 sunlamps thrice 
weekly for 30 weeks. Each exposure, consisting mainly 
ofUV-B and the less energetic UV-A, was approximately 
6 human minimal erythema doses under these lights. 
One group of animals received irradiation only. The 
other 2 groups were treated, prior to irradiation, with 
sunscreens of either low or high sun protection factors 
(SPF 2 and SPF 15, respectively). Skin biopsies were 
taken at 10-week intervals and were stained with var-
ious histochemical stains to reveal changes in the dermis. 
The unprotected, irradiated animals showed a great in-
crease in the following: reticulin fibers, e lastic fibers to 
the extent of elastosis, neutral and acid mucopolysaccha-
rides and melanin production. The SPF 15 sunscreen 
completely prevented these changes. The SPF 2 sun-
screen was less effective. These effects were substanti-
ated by ultrastructural examination of the tissues by 
electron microscopy. A surprising histologic finding was 
the repair capability ofthe dermis in the post-irradiation 
period. 
For centuries, the wrinkles, mottling, excrescences, and flac-
cidity of aged skin were accepted as inevitable "natural" fea-
tures of aging. However, it is now thoroughly appreciated that 
the mere passage of time is insufficient to produce these 
changes. The ravages associated with aging are mainly a result 
of excessive 'sun exposure. Unprotected areas such as the hands 
and face suffer the most damage. Covered regions of skin can 
arrive at age 90, smooth and unblemished, showing only some 
looseness and diminished elasticity. Physiologic decrements 
such as reduced blood flow and diminished epidermopoesis are 
mainly invisible. 
The visible hallmarks of actinic damage are many and varied, 
including hyperpigmentation (solar lentigenes, melanocytic hy-
perplasia) hypopigmentation, dry, scaly, wrinkled skin, benign 
neoplasms (seborrheic keratoses), premalignant lesions (actinic 
keratoses, keratoacanthomas) and finally, malignant tumors 
(basal and squamous cell carcinomas). These are all epidermal 
alterations. In devout sun worshipers, the histologic actinic 
damage may be easily recognized by the second decade, becom-
ing quite advanced by the third [1,2]. These changes are mainly 
dermal; they relate chiefly to destruction of collagen, hyperpla-
sia of elastic fibers, ending finally in solar elastosis, increased 
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mucopolysaccharides (ground substances) and changes in the 
microvasculature (loss of vessels and telangiectasia). 
Since people are living longer, wearing less clothing, and 
spending more leisure time under the sun, an immediate need 
exists to develop measures which will help to prevent actinic 
damage, especially the destruction of connective tissue which 
underlies the sagging, wrinkled, inelastic skin of the prema-
turely aged. Modern sunscreens have improved greatly in the 
last decade. They are now rated in terms of the protection 
afforded against sunburn (the sun protection factor or SPF) 
[3]. We need to know how well these protect against the chronic 
changes induced by decades of heedless sun exposure. Tests 
which would give this information are not feasible in humans. 
We chose the hairless mouse to study this question. With its 
thin epidermis and absence of hair it is particularly susceptible 
to the damaging effects of ultraviolet (UV) light. In a previous 
study, we showed that an SPF 15 sunscreen would completely 
prevent tumors in hairless mice receiving repeated doses of UV 
light sufficient to produce tumors in all the control animals [ 4]. 
The current study focused on the capacity of sunscreens to 
prevent chronic dermal alterations which are, in fact, quite 
similar to those which occur in man. We compared the ability 
of 2 sunscreens of differing SPF's to prevent connective tissue 
damage in chronically irradiated hairless mice. 
MATERIALS AND METHODS 
Animals 
Hairless mice, 6 to 8 weeks of age, were obtained from the Skin and 
Cancer Hospital of T emple University Health Sciences Center, Phila-
delphia, Pennsylvania. Skh:hau·less-1 (Skh-1) is an albino. Skh:hau·less-
2 (Skh-2) has dark eyes, light to darkly pigmented ears and is capable 
of modest tanning. Animals were divided into 5 groups of 40 contain ing 
equal numbers of the 2 varieties. Each mouse was housed individually 
and had free access to food and water. 
Sunscreens 
Two suncreens were evaluated: SSI was an experimental formula 
containing 2% octyl dimetyhl PABA, with an SPF of 2 and SSII (PL 
509, Schering-Piough Corp.) , contau1ing 7% octyl dimethyl PABA and 
3% oxybenzone in a water resistant anionic vehicle, with an SPF of 15. 
The lotions were spread evenly on the mouse dorsum prior to irradia-
tion, at an approximate dose of 10 JLI!cm 2• 
Treatments 
Group 1, UV irradiation only; Group 2, UV irradiation with SS I; 
Group 3, UV ilTadiation with SS II; Group 4, SS I only; Group 5, no 
t reatment. The light source was a bank of nine Westinghouse FS20 
"sun lamps" placed 45 em above the backs of the mice. Exposure time 
was 30 min a day, thrice weekly for 30 weeks with a fo llow-up of an 
additional 15 weeks. Flux was measured with an IL 700 A Research 
Radiometer (International Light, Inc., Newburyport, MA) . The daily 
doses of UVB and UVA were 0.18 J /cm2 and 0.17 J /cm2, respectively. 
This was approximately 6 human MED's with this light sow-ce. This 
dose and schedule is highly carcinogenic, producing tumors in all of the 
irradiated unprotected controls. SS II protected animals developed no 
tumors. 
Histology 
Strips of dorsal skin, 2 em long, at right angles to the long axis were 
removed at 10, 20, 30, and 45 weeks, fixed in 10% buffered formalin, 
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embedded in paraffin and sectioned at 10 1-1· In addition to H & E, the 
stains were: Luna's aldehyde fuchsin for elastic fibers [5], Gordon and 
Sweet's silver stain for reticulin; Periodic-acid Schiff (PAS) for neutral 
mucopolysaccharides; Mowry's colloidal iron for acid mucopolysaccha-
rides; Fontana's for melanin. 
Electron Microscopy 
Specimens were fixed in 2% paraformaldehyde with 2.5% glutaral-
dehyde in 0.1 M Cacodylate-HCl, buffered at pH 7.4 for 2 hr at 24 °C. 
Postfixation was for L hr in 1% osmium tetroxide. After dehydration 
through a graded series of alcohols, the specimens were embedded in 
Epon 812. Thin sections were stained with saturated uranyl acetate and 
lead citrate and examined in a Hitachi HU-12 A electron microscope. 
RESULTS 
The dermal alterations were similar in Skh-1 and Skh-2 mice, 
differing mainly in degree. The changes were somewhat more 
severe in the nonpigmented Skh-1 strain. Hence, except for 
pigmentary changes, the following descriptions apply to Skh-1 
mice. Only striking differences between the 2 strains will be 
noted. As expected, the effects of UV irradiation were cumula-
tive with time. We will, however, limit the discussion to the 
observations made after 20 weeks, the early changes not being 
especially noteworthy. SS I gave moderate protection, approx-
imately 50% of SS II as judged by the changes in irradiated 
unprotected controls. Events with SS II will be described in 
detail. Animals treated with the sunscreen only could not be 
distinguished from untreated, uni.rradiated controls. 
General Characteristics: H & E 
Normal: Skh-1 dermis (Fig 1) measures 0.4 to 0.5 mm from 
the dermal-epidermal (D-E) junction to the panniculus carno-
sus. The upper third contains a loose array of coarse collagen 
bundles. While these are slightly finer just below the epidermis, 
a true papillary dermis, as in human skin, does not occu.r. The 
lower two-thirds contains the numerous keratinizing cysts 
which are so characteristic of the hairless mouse. These form 
from remnants of the external root sheath after the first pelage 
is shed. In 20 to 30 week animals, the cysts are large, usually in 
a double row, often with fat cells interspersed. Variably, there 
is a thin layer of subcutaneous tissue beneath the dermis. As 
the animals age, the cysts get larger with thin walls that often 
rupture, provoking a granulomatous reaction containing lym-
phocytes, macrophages, mast cells, and polymorphonuclear leu-
kocytes. Despite extrusion of cyst contents into the dermis, the 
inflammatory response is usually mild even in 1-yr-old mice. In 
FIG 1. Normal hairless mouse skin. Note the large epithelium lined 
cysts in the lower dermis (H & E, x 65). 
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contrast, the normal Skh-2 animal can produce an impressive 
foreign body reaction as early as 20 weeks; this is greatly 
aggrevated in mice older than 1 yr. The Skh-2 dermis is thinner 
(0.25-0.35 mm), mainly because the cysts usually occu.r in a 
single row. It is also more cellular. 
UV-irradiation: After 20 to 30 weeks, the width of the dermis 
doubled (0.70 to 1.00 mm). However, this was mainly due to a 
striking proliferation of dermal cysts, which sometimes were 5 
rows deep (Fig 2). A gradient was observed across the 2 em 
strip; the number of cysts being greatest in the thicker central 
portion, which received the greatest amount of radiation. The 
ends of the specimen received less UV -light and so were thinner 
with fewer rows of cysts. Inadiation markedly accentuated the 
granulomatous reaction found in control mice. Additionally, the 
upper dermis was more cellular, with fibroblast hyperplasia and 
a moderate lymphocytic inflltrate. Increased deposition of col-
lagen in this region added to the dermal thickening. The Skh-
2 dermis similarly doubled its normal dimension to approxi-
mately 0.5 mm. Cysts were mainly in 2 rows. The granuloma-
tous reaction was far more pronounced than in Skh-1. 
UV and SS II: The skin of irradiated, protected animals 
looked like unexposed controls except for a slightly hyperplastic 
epidermis. Collagen bundles were more densely deposited. 
However, the dermis did not thicken and there was no cyst 
proliferation although a few appeared larger (Fig 3). 
Elastic Tissue: Luna's Stain 
Normal: The skin of the hairless mouse is so poorly endowed 
with elastic fibers that they can easily be overlooked with 
conventional stains such as orcein. Luna's method, designed for 
mast cells, stains the fibers a brilliant pu.rple and is very 
valuable for visualizing the fme, wispy strands in the subepi-
dermal region, even those delicate fibers which radiate up to 
the basal lamina (Fig 4). Elastic fibers ru·e more abundant 
around the follicular infundibuli and sebaceous glands. A fme 
network of fibers encircles the cysts in the lower dermis. Up to 
45 weeks, there is no discernible increase in elastic tissue. Mast 
cells, whose granules also stain pu.rple, are readily seen in the 
upper dermis but ru·e denser below at the level of the cysts. The , 
Skh-2 mouse has considerably more mast cells than the albino 
and as already noted, its dermis is more cellulru·. 
UV-Irradiation: A great increase in elastic tissue took place. 
The fibers were more numerous, thicker and curled; tangled 
clumps were deposited all across the interfollicular dermis, as 
well as around follicles and sebaceous glands, justifying the 
FIG 2. UV-irradiated skin. Cyst proliferation and dermal fibroplasia (H &E, X 65). 
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FIG 3. UV and SS II. Mild epidermal hyperplasia and lack of cyst 
proliferation (H & E, X 65). 
term elastosis (Fig 5). Thin, long fibers actually penetrated 
between keratinocytes of the very hyperplastic epidermis. Be-
low invasive carcinomas, elastic fibers were often scarce, al-
though occasionally tangled remnants of elastotic fibers were 
seen within the tumor mass. In the UV-enhanced granuloma-
tous reaction, there was an abundance of elastin, appearing in 
both amorphous and filamentous forms. These elastotic 
changes in the deep dermis intensified in the postirradiation 
period. The fibrillar network encircling the cysts was more 
abundant with thicker fibers than in controls. Mast cells were 
extremely numerous in and around elastotic deposits. They 
were strikingly large with prominent granules. 
UV and SS II: Mast cells and the elastic tissue were un-
changed and indistinguishable from unirradiated controls (Fig 
6) . 
Internal Elastic Membrane of Vessels-Luna's Stain 
Normal: Because elastic fibers in vessel walls stain so in-
tensely with Luna's method, dermal vessels are readily visual-
ized. Arteries cut in cross-section show a dense, continuous 
wavy elastic internal membrane. In small veins, the elastic is 
less abundant and is in the form of discrete fibers paralleling 
the long axis, with clear spaces between (Fig 7) . 
UV-irradiation: The internal elastic membrane of arteries 
was often thickened. Even more striking was the increased 
quantity and thickness of fibers in some of the veins to the 
extent that the intervening spaces were obliterated (Fig 8). 
UV and SS II: The vessels could not be distinguished from 
unirradiated controls (Fig 9) . 
Elastic Tissue Beneath the Panniculus: Luna's Stain 
Normal: Approximately 1.0 rom beneath the skin's surface, 
an elastic sheath forms a thin capsule beneath the panniculus 
carnosus. In 10 p. sections, it appears as 3 to 4 overlapping 
fibrous strands (Fig 10). 
UV-irradiation: The subpannicular fibers became strikingly 
thicker, more tangled, and increased in number to 8 or 9 (Fig 
11) . 
UV and SS III: While individual fibers sometimes seemed a 
little thicker, they did not number more than 4 or 5. This 
change was very slight (Fig 12). 
Collagen: Reticulin Stain 
Normal: The term reticulin will be used for argyrophilic 
fibers that stain black with Gordon and Sweet's method. Nor-
mally, reticulin is limited to the basement membrane regions of 
the epidermis, appendages and dermal cysts (Fig 13). 
UV-irradiation: The only change WR" a great increase of 
reticulin in the thickened upper third of <- dermis where many 
long, branching, deeply staining fibers occurred. In this same 
region, mature collagen was markedly decreased (Fig 14). 
UV and SS II: Only in an occasional specimen was it possible 
to discern a slight increase in dermal reticulin. The mature 
collagen bundles were unaltered (Fig 15) . 
Electron Microscopy 
Normal: Fibroblasts in the upper dermis of normal animals 
are mainly bipolar with prominent nuclei in a scanty cytoplasm. 
Some seem relatively inactive with many free ribosomes. Some, 
however, show evidence of synthetic activity with well devel-
oped rough endoplasmic reticulum (RER) containing moder-
ately electron-·dense flocculent material. Still, the cisternae are 
relatively undistended (Fig 16a). Bundles of mature collagen 
are embedded in a matrix of electron-luscent ground substance 
and contain fibers of uniform size (Fig 16b). Microfibrils with 
and without the aro0rphous elastin core component are lightly 
scattered throughout this matrix. 
UV-irradiation: Fibroblasts were numerous and had the 
typical appearance of actively metabolizing cells. Cytoplasm 
was greatly expanded and contained large amounts of RER. 
The cisternae were widely dilated and filled with moderately 
electron-dense flocculent material (Fig 17a). Often fibrils simi-
lar to those lying extracellularly were observed within the 
cytoplasm. · 
Between adjacent densely packed collagen bundles there was 
an abundance of electron-dense material in the previously 
electron-lucent splices described for unirradiated dermis. At 
higher magnification, this proved to be microfibrils, the earliest 
stage in ontogenesis before amorphous core elastin is laid down. 
Nearby, there were many mature elastic fibers as well as slender 
immature collagen, presumably the reticulin-staining fibers 
(17a) . In cross section, the size of the collagen fibers was very 
variable. In addition, some large fibers had a bl.urred outline, 
suggesting either dissolution or random orientation resulting in 
slightly tangential sectioning of these fibers (Fig 17b) . 
Mention must be made of another type of fibroblast with 
distinctive morphology. These are often attenuated with long 
cytoplasmic processes containing numerous vesicles (Fig 18) . In 
a few instances, these vesicles were fused with the plasma 
membrane. Microfibrils were often seen l~g extracellularly 
within lacunar indentations of the plasma membrane. RER is 
reduced with cisternae that are intermittantly ballooned out. 
UV and SS II: As compared to unirradiated control animals, 
the appearance of the fibroblasts indicated varying degrees of 
metabolic activity. In general, this was considerably less than 
in unprotected i.ITadiated mice. RER was increased with mod-
erately dilated cisternae. On the other hand, many fibroblasts 
resembled those in the unirradiated control animals (Fig 19a). 
Curiously, many of the fibroblasts had the long cytoplasmic 
processes· and vesicles but there was little evidence for extra-
cellular deposition of elastin. Elastic fibers and microfibrils were 
sparse as in the normal. There was evidence for greater packing 
of collagen bundles, although in cross section the fibers were 
uniformly sized (Fig 19b) . 
Basement Membrane: PAS 
Normal: Distribution of PAS-positive diastase negative ma-
terial is similar to that of reticulin, namely the basement 
membrane regions of the epidermis, appendages and dermal 
cysts, creating the partition between epithelium and mesen-
chyme. PAS-staining material closely hugs the epithelium, and 
is very sharply delineated (Fig 20). 
UV irradiation: The subepidermal PAS-positive basement 
membrane underwent striking changes. It became irregular, 
ragged, frayed and blurred, thickened in some places and alto-
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FIG 4. Normal skin. The delicate elastic fibers and granular mast cells of an unirradiated mouse (Luna's, X 280). 
FiG 5. UV-irradiation. Severe elastosis and giant mast cells (Luna's, X 280). 
FIG 6. UV and SS II. Protected skin is like the nor!Ilal control (Luna's, x 280). 
FIG 7. Normal. Small vein above the panniculus carnosus. Note the discrete elastic fibers (Luna's, X 280). 
FIG 8. UV -irradiation. Small vein with thickened elastic fibers and loss of intervening space (Luna's, X 280). 
FIG 9. UV + SS II. Maintenance of thin discrete elastic fibers in a small vein (Luna's, X 280) . 
FIG 10. Normal. Elastic fibers below the panniculus carnosus (Luna's, x 280). 
FIG 11. UV-irradiation. Reduplication and thickening of subpannicular elastic (Luna's, x 280). 
FIG 12. UV + SS If. A slight thickening of subpannicular elastic (Luna's, X 280). 
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FIG 13. Normal. Dark, argyrophilic reticulin at the D-E junction, around skin appendages and cysts (Gordon and Sweet's, X 115). 
FIG 14. UV-irradiation. Argyrophilic fibers throughout the thickened upper dermis (Gordon and Sweet's, X 115). 
FIG 15. UV and SS II. Insignificant traces of argyrophilic fibers in the slightly fibrotic upper dermis (Gordon and Sweet's, X 115). 
gether missing in others (Fig 21). Reduplication is a noteworthy 
feature. There were areas where rows of cast off membranes 
were forced downward, evidently resulting from attempts to 
repair UV damage. Throughout the dermis, fibrillar and amor-
phous deposits of PAS-positive material were found between 
collagen bundles. These ectopic masses persisted for many 
weeks after irradiation was stopped. 
Ground Substance: Mowry's Stain 
Normal: By histochemical staining, acid muco-polysaccha-
rides (AMPS) are quite sparse, appearing as blue amorphous 
or globular shaped deposits between collagen bundles of the 
upper dermis (Fig 23). AMPS are in greater abundance in the 
granulomatous reaction around dermal cysts and with time, 
parallel the intensity of the inflammatory response. Mast cells 
also stain blue but are distinguished by their granularity. 
UV and SS II: The protected animal was indistinguishable 
from the normal (Fig 22). 
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FIG 16. Normal. Ia) Fibroblast in the upper dermis. Note the well developed but relatively undistended RER (-..) and the electron-lucent 
ground substance(,..) (X 13,700); bar = 1~tm. (b) Cross-section of collagen fil)ers with relatively uniform diameters (X 37,800); bar= . 25~tm. 
FIG 17. UV-irradiation. (a) Portion of a fibroblast with widely dilated cisternae of RER. Note the intracellular fibrils(~ and electron dense 
flocculen t material <+l. An abundance of microfibrils (,._) and immatUJ·e collagen fibers ( x) reduces the extent of electron-lucent ground 
substance (X 21, 700); bar= l~tm. (b) Cross section of collagen fibers of heterogeneous diamt>ters (X 37,500); bar = .25~tm. Note indistinct outline 
of some fibers (,.,.). 
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FIG 18. UV-irradiation. Portion of a fibroblast with attenuated cytoplasm (c) . The RER is distended in balloon-like configuration(,...) . Note 
the presence of extracellular microfibrils lying within indentations of the plasma membrane (--+) (X 29,400); bar= .5 p.m. 
FIG 19. UV and SS II. (a) Fibroblast with well developed but relatively undistended RER (--+) (X 18,900); bar = 1 p.m. Note retention of 
electron-lucent ground substance (,...) . (b) Cross-section of collagen fibers with relatively uniform diameters (X 37,200); bar= .25p.m. 
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FIG 20. Normal. Basement membrane. PAS-positive material at the D-E junction and around skin appendages (X 280). 
FIG 21. UV-irradiation. Basement membrane. Note the frayed, reduplicated and cast-off PAS-positive material in the upper dermis (X 280) . 
FIG 22. UV and SS II. Basement membrane. The normal appearance is retained (PAS, X 280). 
FIG 23. Normal. Blue-staining acid muco-polysaccharides (AMPS) in the upper dermis (Mowry's, X 280). 
FIG 24. UV-irradiation. Note the vast increase in AMPS at the expense of mature collagen (Mowry's, X 280). 
FIG 25. UV and SS II. Deposits of AMPS are small and spru·se (Mowry's, X 280). 
FIG 26. Normal. Epidermal and dermal melanocytes are small and spru·sely distributed (Fontana's, X 115). . 
FIG 27. UV-irradiation. The number of melanocytes is greatly increased. Note the highly dendritic melanocyte and increased melanm on the 
epidermis (Fontana's, X 115). 
FIG 28. UV and SS II. Melanocytic hyperplasia has not occurred (Fontana's X 115). 
FIG 29. Post-irradiation repair. Densely deposited, slender, parallel collag~n bundles in the upper dermis compress elastotic fibers into a 
narrow band (Luna's, X 115). 
FIG 30. Post-irradiation repair. Note the fine, delicate elastic fibers and the normal size mast cells in the repair zone (Luna's, X 280). 
UV-irradiation: Irradiation caused an enormous increase in 
the amount of AMPS in the upper dermis. In addition to the 
amorphous and globular deposits, the newly formed AMPS 
were often fibrillar and beaded, seemingly filling the space 
formerly occupied by collagen (Fig 24). The loss of collagen was 
confirmed in sections stained with Van Gieson's. The greatly 
enhanced AMPS persisted for many weeks after irradiation was 
stopped, particularly in the Skh-1 mice. 
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UV and SS II: These animals experienced no certain change 
in the AMPS deposits. There were no fibrillar deposits (Fig 25). 
Melanocytes: Fontana's Stain 
Normal: The melanocytes of the lightly pigmented Skh-2 are 
mainly distributed in the upper dermis (Fig 26). They are 
usually bipolar, rather thin and elongated, but well filled with 
pigment. There is no evidence that they release melanosomes 
into the extracellular space, although a little free melanin 
sometimes occurs around dermal cysts and hair remnants. In 
addition, there is a population of epidermal melanocytes which 
are small and appear to be largely inactive. They cannot be 
seen in every histologic section. A few active melanocytes 
donate a tiny quantity of pigment to surrounding keratinocytes. 
UV-irradiation: These animals not only had increased me-
lanogenesis, but appru:ently melanocytic hyperplasia as well 
(Fig 27). Dermal melanocytes were larger, pigment engorged, 
with a suggestion of dendrites. Epidermal melanocytes were 
much more easily seen. They were highly dendritic, producing 
large quantities of melanin which they released into the kera-
tinocytes of the basal region. Clinically, the animals becrune 
quite tan on the dorsum. 
UV and SS II: Although dermal melanocytes were some-
times slightly larger, melanocytic hyperplasia and enhanced 
melanogenesis could not be shown in sunscreen-treated ani-
mals. Epidermal melanocytes were as scarce as in the unirra-
diated normal control (Fig 28). 
Repair of UV-Induced Damage 
Fifteen weeks after irradiation was stopped, the skin showed 
little of interest in the SS II (SPF 15) group using any of the 
stains described above. However, striking evidence of the ca-
pacity of the dermis for repair was seen in the UV -irradiated 
unprotected group as well as in the SS I (SPF 2) group which 
had sustained appreciable drunage during 30 weeks of irradia-
tion. As visualized with Luna's stain, the elastotic material in 
the upper dermis had been replaced by new collagen forcing 
the deranged elastin downward to form a compressed band at 
about the level of the sebaceous glands (Fig 29). The new 
collagen bundles were slender, dense and aligned parallelly to 
the D-E junction. Co-linear thin bundles of collagen are char-
acteristically laid down during wound healing. Ten weeks post-
irradiation, reticulin and Van Gieson's stains showed some of 
the collagen was still immature. By 15 weeks, new collagen 
formation was evidently complete. Reticulin was not very no-
ticeable and the staining with Van Giesen's was typical of 
mature collagen. 
. New elastic fib~rs in the r~pair zone were fine and wispy as 
m the normal arumal (Fig 30). Mast cells were still abundant. 
Tho~e associated with the compressed elastotic fibers remained 
very large while those in the repair zone were normal size. 
Skin that did not become sufficiently elastotic to show a 
strikingly compressed band still showed a sharp delineation 
between the old and new connective tissue. Even in the SS II 
group, an occasional specimen 15 weeks postirradiation showed 
these two well defmed zones, although the repair zone was thin 
and present only in scattered patches. 
DISCUSSION 
In the human, elastic fiber hyperplasia is the earliest indicator 
of actinic damage [1,2]. Similarly, the hairless mouse shows 
increased elastic fiber deposition after only 9 or 10 weeks of 
irradiation. Subsequently, the fibers become coarser, tangled 
and twisted into denser masses. These changes qualify as elas-
totic but do not reach the stage of amorphous degeneration 
seen i.n badly drunaged human skin of the face. Investigators 
have not had noteworthy success in inducing conspicuous solru· 
elastosis in laboratory animals. After a severely damaging dose 
of 30 to 50 MED to haired mice, Sams, Smith, and Burk were 
able to demonstrate overgrowth of elastic tissue to a moderate 
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degree [6]. Subsequently, UV -induced elastotic changes have 
been reported in haired rats [7], dogs [8] and naked (Ng/ -) 
mice [9]. 
Interestingly, the first workers to irradiate hairless mice 
reported no elastic tissue changes [10,11]. One reason for this 
could be the high runounts of UV -C used in these studies, 
energy which fails to reach the dermis. However, it no doubt 
reflects the focus of the studies. These workers were primarily 
interested in tumor production and had no great concern for 
dermal changes. Epstein and Epstein [11] did not use a stain 
that would show elastic tissue. It is important to note that even 
conventional elastic stains (orcein, etc.) while adequate for 
human tissue, are very inferior in the mouse [5]. It was only 
with Luna's that we could visualize the fine elastic fibers of the 
normal animal. Then, too, elastin is usually sparse at the 
borders of invasive tumors. It is likely that elastases produced 
by the tumors digest the elastotic material which, further away, 
is quite evident in the dermis. Small biopsies would mitigate 
against seeing elastotic changes. In still another way small 
biopsies create sampling errors in hairless mice which respond 
variably to UV light. This is true for tumorigenesis as well as 
elastosis: the same dose of UV light can produce 20 tumors in 
one animal, 2 in another. Similarly, elastosis can be continuous 
or patchy. 
Unlike Nakrunura and Johnson [7] who saw elastosis in the 
haired rat only after stopping the irradiation, we saw a contin-
uous accumulation of elastic tissue which became progressively 
more damaged (i.e., thicker, wavier, more tangled). These elas-
totic clumps were still present 20 weeks postirradiation, showing 
no tendency to regress. However, the elastic fibers formed in 
the subepidermal zone of regenerating collagen were fme and 
wispy as in the normal. Like, Berger, Tsamboas, and Mahrle 
[9], we saw the co-existence of an inflammatory infiltrate and 
elastosis. It is well known that severe inflammation can destroy 
elastin. Conversely, low grade, chronic tissue reactions may 
stimulate the production of elastic tissue. We saw evidence for 
this in the granulomatous reaction in the deep dermis. 
We were especially intrigued with the changes which oc-
curred in the ultrastructure of the fibroblasts. In unirradiated 
dermis, with its scanty elastin, the fibroblasts were of the 
"primary" type described by Kewley, Williams, and Stevens 
[12] as typical of the early, collagen producing stage in fetal 
bovine ligamentum nuchae. In irradiated dermis, another pop-
ulation of fibroblasts appeared. These had reduced RER but 
many vesicles or "acanthosomes" which occasionally fused with 
plasma membranes. Microfibrils were present, lying extracel-
lularly within lacunar indentations of the plasma membrane. 
These cells conform to the "secondary" fibroblasts described 
by Kewley et al [12] in the later stages of ligament development 
in which fibroblasts were synthesizing elastin. A similar tem-
poral separation of collagen and elastic fiber synthesis was 
observed by Williams [13,14] during wound healing of guinea 
pig pleura and skin. In humans, the incidence of "secondru-y'' 
fibroblasts is greater in aged than in young skin [15]. The 
fmdings of these workers that fiber formation can occw· in 
distinct phases may explain why, in the sunscreen-protected 
animals, we saw many "secondary" fibroblasts surrounded by 
bundles of mature collagen, but little elastin. Our biopsies were 
taken toward the end of the irradiation period of the experi-
ment. We postulate that at this stage the minimally damaged 
fibroblasts had completed the collagen phase of synthesis and 
were now switching to the manufacture of elastic fiber. Con-
versely, in the unprotected UV -irradiated animals, damage was 
so severe that there was considerable overlap in the two phases 
of repair. A similar overlap occurs in wound healing [14]. 
Among the other prominent changes in the dermal matrix 
were loss of collagen, greatly enhanced AMPS and massive 
drunage to the basement membrane which periodically 
sloughed in places. Epstein, Fukuyama and Dobson also made 
similar observations in hairless mice [16]. Large amounts of 
argyrophilic fibers or reticulin have been described in relation 
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to basal cell tumors in actinically damaged human skin [17]. It 
has been shown by immunoelectron microscopy that reticulin 
in basement membrane zones corresponds to type III collagen 
[18], however, it is likely that these UV-induced argyrophilic 
fibers coursing through the thickened dermis represent new 
type I collagen. Although sophisticated studies have not been 
done on these fibers, based on earlier biochemical techniques, 
Sams, Smith, and Findlayson [17] suggested that they do indeed 
represent newly formed collagen rather than true reticulin. Our 
observations in the postirradiation repair zone, support the 
hypothesis that these fibers are young collagen produced by 
damaged fibroblasts in an attempt to replace destroyed colla-
gen. Ultrastructural evidence for this destruction is seen in the 
cross-section of the swollen, blurred, partially degenerating 
collagen fiber. Similar observations have been made of collagen 
dissolution in vitro [19]. 
Not previously reported is the UV-induced proliferation of 
dermal cysts. This is not a function of aging; old mice show 
enlarged, thin-walled cysts which often rupture, provoking a 
chronic granulomatous inflammatory reaction. UV light inten-
sifies the granulomatous reaction. It is unlikely that the multi-
ple cysts derive from preexisting ones. We think, rather, that 
UV light stimulates undifferentiated nests of sequestered root 
sheath epithelium to proliferate. The role of UV light in this 
process is reinforced by the finding that the central portion of 
the specimen receiving the greatest amount of radiation was 
precisely where cyst proliferation was greatest. The converse 
occurred in the sunscreen-treated animals; the central, pro-
tected portion showed a normal cyst pattern, while the ends 
showed enhancement of cysts. These distal portions of the 
specimens extended down on the flanks and received little 
sunscreen. 
Previous workers have failed to note or to emphasize the 
depth of the UV-induced changes. We were particularly im-
pressed by easily observed alterations as far down as the pan-
niculus and below. These deep changes emphasize the need to 
determine quantitatively the penetration of UV-B and UV-A 
rays and to calculate their respective contributions. Although 
virtually nothing is known about the depth of penetration of 
UV light into the dermis, a recent study has emphasized that 
much larger amounts of UV-B penetrate the epidermis than 
previously thought [20]. 
Other studies which examined the efficacy of sunscreens were 
largely concerned with the prevention of tumors [ 4,21,22]. Our 
study is the fust to assess protection of the dermis and its 
constituents. Skin tumors are usually easy to cure; not so the 
solar-induced "aging" changes in the dermis. The effectiveness 
of sunscreens in preventing solar elastosis, degeneration of 
collagen and concomitant increase in ground substance, damage 
to vessels, and infiltration of inflammatory cells is impressive. 
This argues for the regular use of sunscreens in early childhood 
to prevent premature skin aging. However, a pressing question 
is whether or not use of sunscreens can reverse previously 
acquired solar damage. In another study, we have preliminary 
results which confirm the obvious: application of highly protec-
tive sunscreens midway through a course of irradiation effec-
tively stops further damage. However, the striking example 
seen in this study of the repair capabilities of skin in the 
postirradiation period impressed us the most. This has received 
virtually no attention in the past. The medical implications are 
great, since the phenomenon is not limited to hairless mice. 
Biopsies obtained from chronically exposed humans, after years 
spent indoors in institutions for the aged, show a similar ap-
pearance. A repair zone of new parallel collagen bundles is laid 
down in the upper dermis, pushing down the old elastotic 
material (unpublished data). Older persons with already dam-
aged skin should take heed and use sunscreens regularly to 
prevent further destruction. 
The authors wish to acknowledge the invaluable assistance of the 
following people: Marie Van Horn, Barham McBride, Eleene Gallagher 
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